B384l
2023 4F 8 J

FEHERLESZB Vol. 38 No. 4

Journal of Tianjin University of Science & Technology Aug. 2023

DOI:10.13364/j.issn.1672-6510.20220216

AW & Lt B & B E X ia s 2R IR it e

4wk, BadE, B ow, BE%, XK
BN A RS SEE, RKETE RR  RE S R
KB R RS TSR, KA 300457)

W OE. RRHRGEEN A S FAT R FAC —F FAE R E B K S LA, S g A0Y 2R kA

BATHR R o VABRR ALy - 45 AR, *Ti itk U2 10) A= ,%mmfiuﬂut SRR B ATENA 5 BAB R

Yo 211, FeCly &5 CuCl, REM 2 1 1 3EIRE 600 CE&4TF, B4 % 3LAM# (SPPAC3-600) A4 R KR W%, i
T ﬁiﬁftﬁm W, 2 4% (FESEM) A= b & f AR B AL 2 A B AT R AE 547, A a9 sk R @42k 889.86 m¥/g. 2

R Fh A F AR R AR R AR AR I A AR BT SPPAC3-600 xR B AR Mk AL, 4 %‘%%«Eﬂ

Langmuir #7848 # 47 W fhi8 SPPAC3-600 *+i% L0 2 a9 B Mt £2, ik KA WA 52.87 mg/g; R 35T A =R

HFFRRBEATIA, Bk E R RHKRT 0990 0; 3 H 545 RAH>0, SLU B2 A Bt 2,

KR AW, 2k, WMPERE; EHRDE

FESYES: TS209 MEARE: A XERE: 1672-6510(2023) 04-0016-08

Preparation of Pomegranate Peel Porous Carbon Materials and
Application for Adsorption Properties of Norfloxacin

NIU Lin, ZHAO Yunxia, CHEN Lei, ZHAO Leixing, LIU Bing

(State Key Laboratory of Food Nutrition and Safety, Tianjin Key Laboratory of Food Quality and Health,
College of Food Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: In our present study, pomegranate peel porous carbon material was successfully prepared by one-step carboniza-
tion with the use of the new and green composite activators FeCl; and CuCl,, and the adsorption of norfloxacin was studied.
Taking iodine adsorption as the evaluation index, the impregnation ratio and activation temperature were optimized. The
results showed that when the impregnation ratio of composite activator and pomegranate peel powder was 2 : 1, and FeCl; :
CuCl, was 2 : 1, with an activation temperature of 600 “C , carbon material (SPPAC3-600) had a best adsorption. The materi-
als were characterized and analyzed by field emission scanning electron microscope (FESEM)and specific surface area
measuring instrument, and the specific surface area of the material was 889.86 m*/g. The adsorption kinetics model,
adsorption isotherm model and adsorption thermodynamic model were all used to study the adsorption performance of
SPPAC3-600 material for norfloxacin. The results showed that the Langmuir model could better describe the adsorption
process of norfloxacin, and the maximum adsorption capacity was 52.87 mg/g; TS adsorption kinetics could be fitted by a
pseudo-second-order kinetic equation, and the coefficient of determination R* were all greater than 0.990 0; the thermody-
namic results AH >0 indicated that the adsorption process was an endothermic process.
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Fig. 1 Influencing factors of pomegranate peel porous
carbon material
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Fig. 2 FESEM images of pomegranate peel porous carbon material
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Tab.2 Pore structural parameters of pomegranate peel porous carbon material

P b IR (m*g ™) ¥ fLA%/nm BALE/ (cm’g™) PALALES/ (cm’g ™) I ALALE/ (em’ ™)

PPC 0.122 77 32438 0.0009 0 0.0009
PPAC2-600 762.55 2.292 0.436 9 0.270 2 0.166 7
SPPAC3-600 889.86 2.460 0.5473 0.438 4 0.1089
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Fig.3 N, adsorption-desorption isotherm diagram and
pore size distribution diagram of pomegranate peel
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M 3 (a) AT LB R A H, SPPAC3-600 FIW% Kt i
JIRF PPAC2-600, — 35 W kit BE 77 X508 K T3 4
B¢, R TEAR G A 18 B R AR FLIRYYS 2 | bR TR Y
B, W RRFRE T RS . B 3 (b) FLAR A LR

G B Z LR M B LR E 2 A 7E 50nm LUTF, &
GO R LRI Z R AT 10 nm DU XA, 3%
WL T 52 G 1AL B A B e RFARAL L AL
224 X H&ATH

AR Z LM RE X AT RS e 4 BF
TNo3 TR XRD KIHETE 23° ., 43°KF i it BUFFIE
W, 43 51 Sk FLA 7 58 (002) 5 1T AT (100) & 1 Y 4R AE
W, I8 T SBEE A E TR L XU B 45
() A1 16 B2 Z2FL M RE ) P BB AT A SR 454 o A R B
IRAE 23° /547 RHIE G g B, eI ek L 16 bt
FEXT AT (1) b AR Z5 A HAT — 3 FREE SRR, 3R
S SRR U] T A 18 K Z ALt BRI E A2
Fy o BrILZ 4k, PPAC2-600 . SPPAC3-600 A JLAR/N
ARSI, XUt B Al | TE AL 2 SR Y & A A
— PPC

— PPAC2-600
— SPPAC3-600

Woue -w«-—\w
o ML)
| P A
_M_/“\ I
N, pace L
e,

010 20 30 40 50 60 70 80 90
20/(°)
B4 AEESFLRME X STET5EE
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Fig. 5 Adsorption diagram of norfloxacin by pomegranate peel porous carbon material

R3 AHEESFLRM IR AR T ERDENRME I FER S

Tab.3 Adsorption kinetic model parameters of pomegranate peel porous carbon material for norfloxacin adsorption in solution

TR ZH 25 C 35°C 45 C 40 mg/L 50 mg/L 60 mg/L

g/ (mg-g™) 72.2833 83.529 4 94.542 6 39.5722 48219 8 56.482 4

HE— Bl )RR K,/min”! 3.8538 2.964 0 2.8919 104178 6.367 4 23521
R’ 0.799 4 0.882 8 0.902 9 0.991 8 0.838 9 0.8322

g (mg-g™") 75.139 1 94.123 7 103.005 0 39.973 6 49.3059 59.694 4

WEZ s )iy Ko/ (g'mg " min™) 0.085 1 0.0389 0.036 7 0.397 1 0.1656 0.061 2
R’ 0.921 8 0.945 8 0.9527 0.996 8 0.991 8 0.990 1

q/ (mg-g™) 39.023 4 349158 422915 24.988 1 23.754 9 33.560 2

R N iR Y K,/ (g'mg"-min™") 13.072 9 253408 26.0110 54306 9.496 4 9.522 6
R’ 0.893 4 0.8397 0.897 9 0.743 3 0.9318 0.941 4
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Tab.4 Adsorption isotherm model parameters of pom-
egranate peel porous carbon material for norflox-
acin adsorption in solution

R e 25°C 35°C 45 °C
) Ki/(L-mg™) 02052 03068 0.2462
Langmuir B
B qu/ (mg-g™") 514437 49.9404 52.8717
- R 09916 09933 09921
. K/ ((mg/g)-(mg/L)™)  13.1245 16.6849 16.1875
Freundlich
" n 27431 33583  3.1156
LS 7
R 09767 09308 0.9610
) A/ (L-g™h) 42049 24291 2.9780
Temkin .
" B/(J-grmol™) 94353 102811 10.5239
s N
R 09781 09817 0.9807

e Ky W BRI TRI A 8, g IR RAR RN
Ky N Freundlich #%%, n Jy Freundlich fBI35%, 4 N Ffly
SEEH, B N Temkin H8L.
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Tab.5 Adsorption thermodynamic model parameters of pomegranate peel porous carbon material for norfloxacin adsorp-

tion in solution

Jh e/ (mg L) TR/ C AG/ (kJ'mol™) AH/ (kJ-mol™) AS/(J'mol K™
25 —4.4415
30 35 -6.938 0 2.369 1 228.066 2
45 -8.996 5
25 -3.9894
50 35 —6.067 7 1.584 3 156.3315
45 ~7.0952
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pomegranate peel porous carbon material and
commercial activated carbon (n = 3)
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